The objective of the study was to analyze the relationship between interaction of polymorphisms in the estrogen receptor alpha gene (Era) and estradiol (E2), and the occurrence of selected atherosclerosis risk factors in postmenopausal women without the diagnosis of a cardiovascular disease.
Background
Within the last decade, a decrease in mortality has been observed due to diseases developing on the background of atherosclerosis; however, despite this tendency, these diseases are still the main cause of death in many countries [1] . Hence, it is necessary to apply prophylaxis, including, among other things, the control of risk factors. Many studies confirm that the main risk factors of atherosclerosis are obesity and lipid disorders [2] . Based on the results of studies, it was confirmed that the intensification of atherosclerotic changes is positively correlated with obesity and the levels of LDL and VLDL cholesterol, and negatively correlated with the level of HDL cholesterol, irrespective of race, age, and gender [3] .
Population studies show that among young women, morbidity due to ischemic heart disease is approximately 6 times lower compared to males in analogous age groups [4] . Nevertheless, this gender-related difference decreases after menopause, when the frequency of occurrence of atherosclerosis and arterial hypertension in females drastically increases [5, 6] . These observations suggest that the reduction in the level of endogenous estrogens after menopause may be a critical risk factor in these diseases. Studies of the genetic risk factors of cardiovascular diseases, including atherosclerosis, are still being continued. Although many candidate genes of cardiovascular diseases have been found, the role of genes participating in the impact of sex hormones still remains unclear. Estrogens exert an effect on the endothelium and smooth muscle cells in the vascular wall, where they inhibit cell proliferation and induce vasodilatation [7] . Estrogens also affect the hepatic cells, resulting in decreased LDL cholesterol fraction [8, 9] and increase in HDL cholesterol fraction in blood [7, 8] . Two estrogen receptors participate in the genome effect of estrogens (ER): alpha receptor (ERa, ESR1) and beta receptor (ERb, ESR2) [10] . Both receptors are located on the endothelial cells and in the vascular smooth muscle cells, with the main protective role of the cardiovascular system ascribed to ERa [11] . The gene for this receptor is located on the long arm of chromosome 6, and contains 8 exons encoding receptor protein of 595 amino acids in length and a molecular weight of 66 kDa. Among many polymorphic variants of estrogen receptor gene, the most clinically important are 2 single-nucleotide polymorphisms (SNPs) detected by using restriction enzymes PvuII and XbaI. The PvuII and XbaI restriction fragment length polymorphisms of ERa gene are caused by changes in the sequence of DNA of single nucleotides in intron, located within a distance of 397 and 351 alkaline pairs (ap) from exon 2 [12] . Many studies have indicated that there is a relationship between XbaI and PvuII ERa polymorphism variants, and an increased risk of atherosclerosis in adults [13] [14] [15] [16] . It is suggested that PvuII polymorphism plays a key role in the regulation of ERa protein expression, and its intensified transcription encoded by allele C leads to the stronger expression of receptor, stronger estradiol binding of ERa in CC homozygotes, and a stronger effect of estradiol on a cell. The ERa polymorphisms may affect estrogen receptor function, and thus the tissue response to the stimulation with estrogen.
The objective of the study was analysis of an interaction between ERa polymorphism and estradiol, with the occurrence of selected risk factors of atherosclerosis in postmenopausal women without the diagnosis of a cardiovascular disease.
Material and Methods
The study was conducted during 2011-2013 at the Institute of Rural Health in Lublin. The study group consisted of women from south-eastern Poland. The inclusion criteria were: age 50-65 years, good general health (lack of chronic diseases in medical history, including cardiovascular diseases), and education level at least completed elementary. The women were qualified to the study group also based on clinical symptoms (minimum 2 years from the last menstrual period) and based on the criterion of FSH level (FSH >30 mlU/ml). The exclusion criteria were: active cancerous disease within the period of 5 years after recruitment; addiction to drugs or alcohol; and diagnosed disease entity with the symptoms of dementia. We examined 210 postmenopausal women.
Prior to the collection of blood for laboratory examinations and genetic tests, the women were weighed and their height, waist circumference (W), and hip circumference (R) measured, as well as arterial hypertension. Based on the measurements obtained, the BMI (kg/height in m 2 ) and W/H ratio were calculated.
The women under examination had their blood collected to measure the level of estradiol and samples were instantly taken to the laboratory. The determinations were performed by an accredited laboratory; the laboratory standard for estradiol is 0-44.5 pg/ml. Lipid profile was determined using an automatic biochemistry analyser, Express Plus (Chiron Diagnostics, USA), with reagents by Siemens (Siemens Healthcare Diagnostics, Tarrytown, NY, USA), according to the procedure provided by the manufacturer. The following were determined in blood plasma: triglycerides, and total cholesterol and its fractions HDL cholesterol and LDL cholesterol.
Based on data from the literature, the values of the analyzed parameters that could create risk of cardiovascular diseases were determined: BMI ≥25 kg/m 2 , waist circumference >88 cm, W/H ratio ³0.85, total cholesterol ³191 mg/dl, HDL cholesterol £64 mg/dl, LDL cholesterol ³115 mg/dl, triglycerides ³150 mg/dl, LDL/HDL ratio >4, systole >140 mmHg, and diastole >90 mmHg.
Genomic DNA was isolated using the QIAmp DNA Blood Mini Kit (Qiagen, USA) according to the producer's instructions. Genotyping of the ER-a polymorphism was performed using a polymerase chain reaction and restriction enzymes (PCR-RFLP). PCR reaction was performed in a total amount of 50 µl containing: 1 U (1 µl) of DNA polymerase (Biotools), 1·PCR buffer (5 µl) containing 15 mM MgCl 2 (Biotools), 2.5 μl 2 mM dNTPs (final concentration 0.1 mM) (Fermentas, Vilnius, Lithuania), 1 μl of 10 μM of each primer, 34.5 μl nuclease-free water (Applied Biosystems Inc., USA) and 5 μl of genomic DNA. The polymerase chain reactions (PCR) were carried out with the following primers [17] : Statistical analysis was performed and graphs were created using the software STATISTICA. We estimated numbers (n) and frequency distributions (%) for categorical variables and for continuous variables we used means (M), reflecting the average level, as well as standard deviations (SD), measuring the degree of measurements variation around the arithmetic mean.
The analysis of variance F test was used to investigate whether the age at last menstruation period and lipid parameters depended on XbaI and PvuII polymorphisms. The c 2 test for stochastic independence was applied to examine whether the frequencies of occurrence of cardiovascular risk factors depended on XbaI and PvuII polymorphisms.
Pearson's correlation coefficient was estimated to check the correlation between the level of estradiol and lipid parameters in the total group examined, and in the groups with XbaI and PvuII polymorphisms.
Considering the large size of the sample (N=210), border normal distributions of parameters' estimators were assumed. In statistical tests, the level of significance was set at p=0.05.
Informed consent for participation in the study was obtained from the women. The study was approved by the institute's Ethics Committee.
Results
The study included 210 postmenopausal women. Table 3 . Frequency of occurrence of risk factors of cardiovascular diseases in postmenopausal women in general, and according to ERa XbaI and PvuII polymorphisms n (%).
* Chi-squared test; ** significance level. Subsequently, the correlation was investigated between the level of estradiol and the values of analyzed risk factors of cardiovascular diseases in the total examined group, and according to the ERa XbaI and PvuII polymorphisms possessed by the women in the study (Table 4) .
None of the analyzed parameters significantly correlated with the level of estradiol in the total group of examined women. However, the analysis of correlations according genotype ERa polymorphism proved some of them to be significant. The description below concerns only these significant ones.
The level of estradiol correlated significantly negatively to waist circumference (r=-0.251; p=0.035) and the W/H ratio (r=-0.283; p=0.017) in women with the genotype ERa XbaI AA. Women with lower estradiol levels had higher average waist circumference and W/H ratio. Figure 1 shows the regression line between estradiol and waistline goes up, as did the line between estradiol and W/H ratio.
In women with ERa XbaI GG genotype, the level of estradiol correlated positively to HDL concentration (r=0.477; p=0.004) and negatively to LDL/HDL ratio (r=-0.333; p=0.050). The subgroup of women with higher estradiol levels had higher average HDL level and lower average LDL/HDL ratio. Figure 1 shows that the regression line between estradiol and HDL goes up while the line between estradiol and LDL/HDL goes down among that group of women.
The results obtained also indicated a significant positive correlation between the level of estradiol and systolic blood pressure in women who possessed PvuII ERa TT genotype (r=0.314; p=0.017). In this sub-group, an increase in the level of estradiol was accompanied by an increase in the value of systolic blood pressure on average. In women with PvuII genotype TC, a positive correlation was noted between the level of estradiol and the level of HDL (r=0.224; p=0.027), and a negative correlation between the level of estradiol and the LDL/HDL ratio (r=-0.237; p=0.020). Higher levels of estradiol in this subgroup were associated with higher average HDL level and average LDL/HDL ratio. Figure 2 shows that the regression line between estradiol and systole for TT as well as estradiol and HDL for TC goes up, but goes down for estradiol and LDL/HDL.
The following correlations were calculated: age, age at last menstruation, BMI, risk factors of cardiovascular diseases, and estradiol in the total group of examined women (Table 5) . Only the statistically significant correlations are described below.
We found that BMI was positively correlated with waist circumference (r=0.607; p<0.001) and W/H ratio (r=0.635; p<0.001) was positively correlated with systolic blood pressure (r=0.165; p=0.017). Higher levels of BMI were associated with larger waist circumference and higher waist W/H ratio and systolic blood pressure on average.
Age at last menstruation had a positive correlation with LDL/HDL ratio (r=0.159; p=0.021) and systolic blood pressure (r=0.155; p=0.025). Women who began menopause later had higher average level of LDL/HDL ratio and systolic blood pressure during menopause.
We found a negative correlation of waist circumference and age of women during a menopause (r=-0.157; p=0.023).
Younger women had larger average waist circumference during menopause. 
Discussion
Many studies show that the frequency of occurrence of cardiovascular diseases increases after menopause. It is considered that a decrease in endogenous estrogens is responsible for this unfavorable effect [18, 19] . A few studies suggest that there is no reliable evidence for a rapid increase in morbidity due to CVD at postmenopausal age; however, a constant, proportional increase in the occurrence of these diseases is observed with age, caused by the co-existence of risk factors such as obesity, hypertension, lipid disorders, and glucose intolerance [20] . Thus, the question of whether estrogens exert a direct effect on the development of cardiovascular diseases or whether this effect is related to their impact on lipidogram, arterial hypertension, and body weight, remains to be answered. Also, it is not clear in what way the possession of particular ERa genotypes is related to increased risk of these diseases.
In the group of postmenopausal women in the presented study, the values of the parameters analyzed -BMI, BMI, WHR, waist circumference, levels of CHOL, LDL, HDL, TG, LDL/HDL ratio, systole, and diastole -were not significantly dependent to the possessed ERa XbaI and PvuII polymorphisms. Also, the occurrence of cardiovascular risk factors in the group examined, specified in the methodology, was not significantly dependent on the possessed ERa XbaI and PvuII polymorphisms.
Matsubara et al. also did not confirm any relationships between
XbaI and PvuII polymorphisms, and the levels of total cholesterol, HDL-cholesterol, LDL-cholesterol, and triglycerides [21] .
Contrary to the results of the presented study, Kikichi et al. [22] found that XbaI polymorphism exerted a significant effect on the level of LDL-cholesterol. Studies by Denga et al. [14] show that ERa gene PvuII and XbaI polymorphisms are important for the amount of fatty tissue and the BMI in postmenopausal women.
Clinical studies indicate that estrogens greatly affect the amount of fatty tissue. A decrease in their level is related to an increase in the amount of fatty tissue in postmenopausal women [23] . It is noteworthy that estrogens may increase the level of HDL-cholesterol, which explains the lower frequency of occurrence of cardiovascular diseases in pre-menopausal women. This observation has not been confirmed based on the presented material. In the group of women in this study, none of the analyzed parameters were significantly correlated with the level of estradiol.
Studies on the effect of ERa polymorphism and the level of estradiol indirectly showed that women with the ERa PuvII CC genotype more effectively respond to the effect of estradiol than those possessing the T allele. In addition, it was discovered that after menopause the level of endogenous estradiol is lowest in women possessing the T allele, whereas this level is the highest in women with the CC genotype, which has not been confirmed in the presented study [24] .
Attempts were undertaken to take advantage of the beneficial effect of estrogens on the cardiovascular system in women by applying hormone replacement therapy (HRT). It was observed that the benefits resulting from the implementation of 
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this therapy may depend on the type of estrogen receptor alpha polymorphism. Herrington et al. [12] published results of studies concerning the level of HDL-cholesterol during the use of HRT, which clearly showed its increase in women with the CC genotype. It is interesting that as early as before the implementation of HRT, the level of HDL cholesterol in homozygotes CC and GG was significantly higher than in women with TT and AA genotypes.
In the presented study, significant negative correlations were found between waist circumference and W/H ratio, and the level of estradiol in women with the ERa XbaI AA genotype. In women possessing the ERa XbaI GG genotype, a positive correlation was observed between the levels of estradiol and HDL, and a negative correlation between estradiol level and LDL/HDL ratio. This suggests that the AA genotype is related to the strongest effect of estradiol on the distribution of fatty tissue in postmenopausal women, whereas the GG genotype intensifies the beneficial effect of estradiol on the level of HDL. Similarly, a beneficial interaction between the level of estradiol and the level of HDL was discovered in women with the ERa PvuII TC genotype. The results of this study concerning the level of endogenous estradiol are partly consistent with the results presented by Herrington et al. [12] ; however, in the current study we found that the AA genotype was important with respect to the effect of endogenous estradiol on the distribution of fatty tissue after menopause. In addition, we noted that in the examined women who possessed the ERa PvuII TT genotype, the value of systolic blood pressure increased together with the level of estradiol. This suggests a stronger unfavorable effect of estradiol on systolic blood pressure in carriers of the TT allele.
The Rotterdam Study, which covered approximately 4000 women, revealed that those with the TT genotype were more exposed to cardiovascular diseases, which took a more severe and complicated course. The risk of cardiovascular diseases found in the Rotterdam Study occurred irrespective of the classic cardiovascular risk factors, such as BMI, level of lipids, hypertension, and diabetes [25] [26] [27] . A meta-analysis performed by Ding et al. shows interesting results, in which the researchers, after analyzing 21 studies, found that PuvII polymorphism plays an important role in the susceptibility to atherosclerosis. They also confirmed that susceptibility related to PuvII polymorphism is clearly observed in Asian countries but not significantly in Western countries. The differences in the gene expression and epigenetic effects observed between Eastern and Western populations may lead to differences in the susceptibility to ischemic disease [28, 29] . Moreover, the pathomechanism of ischemic disease is related to various factors -both genetic and environmental -with lifestyle, geographic conditions, or climate. These conditionings may affect the gene-environment interactions, and differentiate gene response (e.g., of the ERa genes) related to susceptibility to cardiovascular diseases [30] [31] [32] .
